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$LP3XUSRVH 7KHDLPRI WKLVSURMHFWZDV WRH[SORUHPRGHOV IRUVWLPXODWLQJKHDOWK
LQIRUPDWLFVLQQRYDWLRQDQGFDSDFLW\GHYHORSPHQWLQ6RXWK$IULFD
%DFNJURXQG 7KHUHLVJHQHUDOO\DFULWLFDOODFNRIKHDOWKLQIRUPDWLFVLQQRYDWLRQDQG
FDSDFLW\ LQ6RXWK$IULFDDQGVXE6DKDUDQ$IULFD7KLV LVGHVSLWH WKH
ZLGHDQWLFLSDWLRQ WKDWGLJLWDO KHDOWK V\VWHPVZLOO SOD\D IXQGDPHQWDO
UROHLQVWUHQJWKHQLQJKHDOWKV\VWHPVDQGLPSURYLQJVHUYLFHGHOLYHU\
0HWKRGRORJ\ :H HVWDEOLVKHG D SURJUDP RYHU IRXU \HDUV WR WUDLQ 0DVWHUV DQG
'RFWRUDO VWXGHQWV DQG FRQGXFWHG UHVHDUFK SURMHFWV DFURVV D ZLGH
UDQJHRIELRPHGLFDODQGKHDOWKLQIRUPDWLFVWHFKQRORJLHVDWDOHDGLQJ
6RXWK$IULFDQ XQLYHUVLW\ :H DOVR GHYHORSHG D +HDOWK$UFKLWHFWXUH
/DERUDWRU\ ,QQRYDWLRQ DQG 'HYHORSPHQW (FRV\VWHP +H$/,'(
GHVLJQHGWREHDORQJODVWLQJDQGSRWHQWLDOO\UHSURGXFLEOHRXWSXWRIWKH
SURMHFW
&RQWULEXWLRQ :H ZHUH DEOH WR GHPRQVWUDWH D VXFFHVVIXO PRGHO IRU EXLOGLQJ
LQQRYDWLRQDQGFDSDFLW\LQDVXVWDLQDEOHZD\.H\RXWSXWVLQFOXGHGL
D VXFFHVVIXO SDUWQHUVKLS PRGHO LL D VXVWDLQDEOH +H$/,'( LLL
UHVHDUFK SDSHUV LY D ZRUOGFODVV VRIWZDUH SURGXFW DQG VHYHUDO
GHPRQVWUDWRUVDQGLYKLJKO\WUDLQHGVWDII
)LQGLQJV 2XUPDLQILQGLQJVDUHWKDWLLWLVSRVVLEOHWRFUHDWHDORFDOHFRV\VWHP
IRULQQRYDWLRQDQGFDSDFLW\EXLOGLQJWKDWFUHDWHVYDOXHIRUWKHSDUWQHUV
DXQLYHUVLW\DQGDSULYDWHQRQSURILWFRPSDQ\LLWKHHFRV\VWHPLV
DEOHWRFUHDWHYDOXDEOHRXWSXWVWKDWZRXOGEHPXFKOHVVOLNHO\WRKDYH
EHHQGHYHORSHGVLQJO\E\HDFKSDUWQHUDQGLLLWKHHFRV\VWHPFRXOG
VHUYHDVDSRZHUIXOPRGHOIRUDGRSWLRQLQRWKHUVHWWLQJV
5HFRPPHQGDWLRQV
IRU3UDFWLWLRQHUV
1RQSURILW FRPSDQLHV DQG QRQJRYHUQPHQWDO RUJDQL]DWLRQV
LPSOHPHQWLQJKHDOWKLQIRUPDWLRQV\VWHPVLQ6RXWK$IULFDDQGRWKHUORZ
UHVRXUFHVHWWLQJVKDYHDQRSSRUWXQLW\WRSDUWQHUZLWKORFDOXQLYHUVLWLHV
IRUSXUSRVHVRILQWHUQDOFDSDFLW\GHYHORSPHQWDQGDVVLVWLQJZLWKWKH
UHVHDUFK UHIOHFWLRQ DQG LQQRYDWLRQ DVSHFWV RI WKHLU SURMHFWV DQG
SURJUDPPHV
'LJLWDO5HLPDJLQDWLRQ&ROORTXLXP3UHSDULQJ6RXWK$IULFDIRUD'LJLWDO)XWXUHWKURXJKH6NLOOV
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5HFRPPHQGDWLRQ
IRU5HVHDUFKHUV
$SSOLHG KHDOWK LQIRUPDWLFV UHVHDUFKHUV ZRUNLQJ LQ ORZ UHVRXUFH
VHWWLQJV FRXOG SURGXFWLYHO\ SDUWQHU ZLWK ORFDO LPSOHPHQWLQJ
RUJDQL]DWLRQVLQRUGHUWRJDLQDEHWWHUXQGHUVWDQGLQJRIWKHFKDOOHQJHV
DQG UHTXLUHPHQWV DW ILHOG VLWHV DQG WR DFFHOHUDWH WKH WHVWLQJ DQG
GHSOR\PHQWRIKHDOWKLQIRUPDWLRQWHFKQRORJ\VROXWLRQV
,PSDFWRQ6RFLHW\ 7KLV UHVHDUFK GHPRQVWUDWHV D PRGHO WKDW FDQ GHOLYHU YDOXDEOH
VRIWZDUHSURGXFWVIRUSXEOLFKHDOWK
)XWXUH5HVHDUFK ,W ZRXOG EH XVHIXO WR LPSOHPHQW WKH PRGHO LQ RWKHU VHWWLQJV DQG
UHVHDUFKZKHWKHUWKHPRGHOLVPRUHJHQHUDOO\XVHIXO
.H\ZRUGV +HDOWK,QIRUPDWLFV&DSDFLW\'HYHORSPHQW/LYLQJ/DERUDWRU\,&7'


,1752'8&7,21
+HDOWKLQIRUPDWLRQV\VWHPVDUHRQHRIWKHNH\SLOODUVRIDSXEOLFKHDOWKV\VWHP'HYHORSLQJ
FRXQWULHVLQVXE6DKDUDQ$IULFDKDYHXQLTXHHQYLURQPHQWVLQZKLFKOLPLWHGLQIUDVWUXFWXUHODFN
RIVSHFLDOL]HGWHFKQLFDOVNLOOVDQGFRQVWUDLQHGILQDQFLDOUHVRXUFHVLPSDFWRQWKHGHYHORSPHQW
RI QDWLRQDO KHDOWK LQIRUPDWLRQ V\VWHPV 1+,6   &RQVROLGDWLQJ FXUUHQWO\ IUDJPHQWHG
KHDOWKLQIRUPDWLRQV\VWHPVLQWKHVHFRXQWULHVLQWRDFRKHUHQWQDWLRQDOLQIRUPDWLRQV\VWHPZLOO
LQFUHDVHRSHUDWLRQDOHIILFLHQFLHVLPSURYHGHFLVLRQPDNLQJDQGOHDGWREHWWHUKHDOWKRXWFRPHV
+RZHYHU HQJLQHHULQJ D FRKHUHQW HIIHFWLYH DQG VXVWDLQDEOH VRFLRWHFKQLFDO HQWHUSULVH
LQIRUPDWLRQV\VWHPRIWKHVFDOHDQGFRPSOH[LW\RIDQDWLRQDOKHDOWKLQIRUPDWLRQV\VWHP1+,6
SRVHVXQLTXHDQGFRPSOH[FKDOOHQJHVLQORZDQGPLGGOHLQFRPHFRXQWULHV/0,&V


6SHFLDOL]HGFRPSXWHUVFLHQFHVNLOOVDUHUHTXLUHGWRDQDO\]HDQGSURYLGHORQJWHUPDSSURDFKHV
IRU V\VWHP GHVLJQ WKDW FDWHU IRU LQWHURSHUDELOLW\ EHWZHHQ WKH G\QDPLF FRPSRQHQWV LQ D
FRQWLQXRXVO\FKDQJLQJ1+,6$V\VWHPDWLFDSSURDFKWRKLJKOHYHOLQIRUPDWLRQ
V\VWHPGHVLJQDWQDWLRQDO OHYHOZLOO DOVRDVVLVW$IULFDQ0LQLVWULHVRI+HDOWK WREHWWHU XWLOL]H
UHVRXUFHV DYDLODEOH IRU LQGHSHQGHQW SURMHFWV LPSOHPHQWHG E\ GRQRUV QRQJRYHUQPHQWDO
RUJDQL]DWLRQV 1*2V DQG XQLYHUVLWLHV  0DQ\ H[LVWLQJ KHDOWK LQIRUPDWLRQ V\VWHP
FRPSRQHQWVLPSOHPHQWHGLQ$IULFDQFRXQWULHVDUHGHYHORSHGE\IRUHLJQRUJDQL]DWLRQVXVLQJ
LQWHUQDWLRQDOGRQRUIXQGVDQGIRUHLJQVRIWZDUHGHYHORSHUV%XLOGLQJ ORFDOWHFKQLFDOFDSDFLW\
DQGDVXVWDLQDEOHV\VWHPIRUUDSLGLQQRYDWLRQLQ$IULFDLVFUXFLDOWRPDNLQJIXOOXVHRIWKHVH
LQYHVWPHQWV

7KH+HDOWK$UFKLWHFWXUH/DERUDWRU\+H$/ZDVHVWDEOLVKHGDQGRSHUDWHGEHWZHHQDQG
 LQ WKH GLVFLSOLQH RI &RPSXWHU 6FLHQFH LQ WKH 6FKRRO RI 0DWKHPDWLFV 6WDWLVWLFV DQG
&RPSXWHU6FLHQFH606&6DWWKH8QLYHUVLW\RI.ZD=XOX1DWDO8.=1LQ:HVWYLOOH6RXWK
$IULFD 7KH DLP RI WKH +H$/ SURMHFW ZDV WR HVWDEOLVK DQ DGYDQFHG FRPSXWLQJ UHVHDUFK
ODERUDWRU\LQ$IULFDWRGHYHORS$IULFDQFDSDFLW\DQGFUHDWHDV\VWHPRILQQRYDWLRQDQGUHOHYDQW
WHFKQRORJLHVIRUDQ$IULFDQHQYLURQPHQW

7KHVSHFLILFREMHFWLYHVRIWKH+H$/ZHUHWRLHVWDEOLVKDQLQQRYDWLRQHFRV\VWHPVWUXFWXUH
IRU UDSLG UHVHDUFK LQQRYDWLRQ DQG WHFKQRORJ\ WUDQVIHU LL GHYHORS FDSDFLW\ LQ ORFDO
LPSOHPHQWDWLRQ RUJDQL]DWLRQV E\ RIIHULQJ VSHFLDOL]HG &RPSXWHU 6FLHQFH SRVWJUDGXDWH
GHJUHHV LQ KHDOWK LQIRUPDWLFV WR VHQLRU WHFKQLFDO SHUVRQQHO DQG LLL FRQGXFW UHVHDUFK LQ
UHOHYDQW WHFKQRORJLHV UHTXLUHG IRU FRKHUHQW HIIHFWLYH DQG VXVWDLQDEOH QDWLRQDO KHDOWK
LQIRUPDWLRQV\VWHPVLQVXE6DKDUDQ$IULFD7KLVSDSHUVXPPDUL]HVDQGUHIOHFWVRQWKHPDMRU
DFWLYLWLHVH[SHULHQFHVDQGRXWFRPHVRIWKH+H$/

0(7+2'2/2*<
,QRUGHUWRDFKLHYHWKHDERYHREMHFWLYHVWKHIROORZLQJLQLWLDODFWLYLWLHVZHUHXQGHUWDNHQ
'LJLWDO5HLPDJLQDWLRQ&ROORTXLXP3UHSDULQJ6RXWK$IULFDIRUD'LJLWDO)XWXUHWKURXJKH6NLOOV
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x 'HYHORSHG D UHVHDUFK DJHQGD WR JXLGH DQG IRFXV WKH DFWLYLWLHV RI WKH +($/ DQG
IRUPXODWHVHOHFWLRQFULWHULDIRUUHVHDUFKSURMHFWV
x &UHDWHG D FDSDFLW\ GHYHORSPHQW SODQ IRU UHFUXLWLQJ DQG WUDLQLQJ KLJKO\ VNLOOHG
JUDGXDWHVDQGUHVHDUFKHUVLQWKLVDUHDZKLFKDOVRLQIRUPHGWKHUHVHDUFKDJHQGDDQG
vice versa
x 'HYHORSHGDJRYHUQDQFHVWUXFWXUHIRUWKH+H$/LQFOXGLQJVHOHFWLRQFULWHULDUROHVDQG
JXLGLQJ SULQFLSOHV IRU WKH 6WXGHQW 6HOHFWLRQ &RPPLWWHH DQG WKH 6FLHQWLILF 6WHHULQJ
&RPPLWWHH66&
x (YDOXDWHGIRUPDWLYHDQGVXPPDWLYHWKHRSHUDWLRQDQGSURFHVVHVRIWKH+H$/
x (YDOXDWHGIRUPDWLYHDQGVXPPDWLYHWKHUHVHDUFKDQGWUDLQLQJRIWKH+($/
x 7UDQVODWHG DQG WUDQVIHUUHG NQRZOHGJH SURGXFHG E\ WKH +H$/ WR DSSURSULDWH
FRPPXQLWLHV
x (VWDEOLVKHGDQRXWUHDFKDQGFROODERUDWLRQVWUDWHJ\

7KHVH DFWLYLWLHV VHUYHG WR JXLGH WKH RSHUDWLRQ RI WKH /DERUDWRU\ LQ WKH ILUVW WZR \HDUV RI
RSHUDWLRQ:HDGRSWHGDQDFWLRQUHVHDUFKDSSURDFKWRWKHGHYHORSPHQWRIWKH+H$/3HULRGV
RI GHYHORSPHQW ZHUH IROORZHG E\ SHULRGV RI UHIOHFWLRQ LQ SDUWQHUVKLS ZLWK WKH 6WHHULQJ
&RPPLWWHHDQGWKHUHDIWHULQFRUSRUDWHGLQWRFKDQJHVWRWKHVWUXFWXUHDQGIXQFWLRQLQJRIWKH
/DERUDWRU\

$Q H[WHUQDO HYDOXDWLRQ RI WKH+H$/ZDV FRQGXFWHG E\ WZR LQGHSHQGHQW 6RXWK $IULFDQ
DFDGHPLFV7KHHYDOXDWLRQWHDPFRQGXFWHGVLWHYLVLWVDWERWKWKH+H$/DW8.=1DQGLWV
LPSOHPHQWLQJSDUWQHU -HPEL+HDOWK6\VWHPV)DFXOW\DQGVWDII SDUWLFLSDWHG LQ LQGHSWK
LQWHUYLHZVDQGWKHWHDPDFFHVVHGYDULRXVGRFXPHQWVRIWKH+H$/7KHSXUSRVHRIWKH
HYDOXDWLRQZDVWRGHWHUPLQHWKHH[WHQWWRZKLFK+H$/KDGPHW LWVJUDQWREMHFWLYHVDQG
WKHQWRFRQVLGHUDWKHLPSDFWRI+H$/RQLWVLPPHGLDWHLQVWLWXWLRQDOFRQWH[WEWKHLPSDFW
RI+H$/LQDZLGHUDFDGHPLFFRQWH[WFWKHFRQWULEXWLRQ+H$/PDGHWRWKHGHYHORSPHQW
RI SDUWLFLSDWLQJ VWXGHQWV DQG G WKH EHQHILW GHULYHG E\ SDUWQHULQJ RUJDQL]DWLRQV
SDUWLFLSDWLQJLQ+H$/


+($/,1129$7,21$1''(9(/230(17(&26<67(0,'(
,QRUGHU WR UHDOLVH LWVFURVVFXWWLQJREMHFWLYHV WKH/DERUDWRU\QHHGHGWRHVWDEOLVKVWUDWHJLF
SDUWQHUVKLSVZLWKLPSOHPHQWLQJRUJDQLVDWLRQVDQGRWKHUUHVHDUFKDQGDFDGHPLFLQVWLWXWLRQV
$VWUDWHJ\DQGVWUXFWXUHZDVUHTXLUHGWRHIIHFWLYHO\FRRUGLQDWHDQGOHYHUDJHH[SHUWLVHIURP
HDFKSDUWQHU7KH/DERUDWRU\GHYHORSHGWKH+H$/,QQRYDWLRQDQG'HYHORSPHQW(FRV\VWHP
,'(PRGHOWRPDQDJHWKHVWUXFWXUDODQGIXQFWLRQDOHYROXWLRQRIWKH+H$/GXULQJLWVSHULRGRI
RSHUDWLRQ

7KH ILQDO HFRV\VWHP PRGHO )LJXUH  GHVFULEHV WKH IORZ RI LQQRYDWLRQ IURP WKH ILHOG
HQYLURQPHQWLPSOHPHQWLQJSDUWQHUV WRWKH+H$/DSSOLHGUHVHDUFKHQYLURQPHQWZKHUH WKH
LGHDVDQGUHTXLUHPHQWVDUHUHVHDUFKHGDQGGHYHORSHG LQWRVSHFLILFDWLRQV WKDW LQ WXUQDUH
SURGXFWLRQL]HGEDFNLQWRWKHILHOGHQYLURQPHQW7KH+H$/FRQVROLGDWHGDQGIRUPDOLVHGLQ<HDU
2QHLWVSDUWQHUVKLSZLWK-HPEL+HDOWK6\VWHPV13&ZZZMHPELRUJDVDµOLYLQJODE¶$WWKH
WLPHRIWKHHVWDEOLVKPHQWRIWKHSDUWQHUVKLS-HPELZDVDQHZO\IRUPHGLQQRYDWLRQFRPSDQ\
VSXQRXWRIWKH%LRPHGLFDO5HVHDUFK'LYLVLRQDWWKH6RXWK$IULFDQ0HGLFDO5HVHDUFK&RXQFLO
-HPEL¶VRIILFHVZHUHEDVHGLQ&DSH7RZQZKLOHDWWKDWWLPHWKH+H$/ZDVEDVHGLQ'XUEDQ
URXJKO\NPDSDUW7KHILUVWWZR06FVWXGHQWVZHUHHPSOR\HGDVVHQLRUGHYHORSHUVDW
-HPELDQGZHUHRIIHUHGVFKRODUVKLSVWREX\RXWDSRUWLRQRIWKHLUWLPHWRZRUNRQWKHLU06F
SURMHFWV2QHRI WKHVWXGHQWVZDVEDVHG LQ WKHSK\VLFDO ODERUDWRU\DW8.=1DQG WKHRWKHU
UHPDLQHG DW WKH -HPEL RIILFHV LQ&DSH7RZQ 7KHLU +H$/06F UHVHDUFK UHYROYHG DURXQG
-HPEL¶VLPSOHPHQWDWLRQSURMHFWVLQ6RXWK$IULFDDQG5ZDQGD
'LJLWDO5HLPDJLQDWLRQ&ROORTXLXP3UHSDULQJ6RXWK$IULFDIRUD'LJLWDO)XWXUHWKURXJKH6NLOOV
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)LJXUH9HUVLRQRIWKH(FRV\VWHP0RGHO

7KH3ULQFLSDO,QYHVWLJDWRURIWKH+H$/DIXOOWLPHDFDGHPLFDW8.=1ZDVDSSRLQWHGDVDQRQ
H[HFXWLYHERDUGPHPEHURI-HPELZKLOHWKH)RXQGHUDQG&(2RI-HPELZDVDSSRLQWHGDVDQ
+RQRUDU\$VVRFLDWH3URIHVVRUDWWKH606&6DW8.=17KHODWHVWFRQILJXUDWLRQYHUVLRQRI
WKH +H$/ FDSDFLW\ DQG LQQRYDWLRQ HFRV\VWHP VKRZLQJ DFWLYH UHVHDUFK DQG GHYHORSPHQW
SDUWQHUVKLSVDWWKHHQGRIWKHSURMHFWLVVKRZQLQ)LJXUH

+H$/LVQRZVLWXDWHGZLWKLQWKH&HQWUHIRU$UWLILFLDO,QWHOOLJHQFH5HVHDUFK&$,5ZKLFKKDV
EHHQH[SDQGHGWRDQDWLRQDOUHVHDUFK&HQWUHLQ$UWLILFLDO,QWHOOLJHQFHDQG&RPSXWHU6FLHQFH
ZLWK UHVHDUFK QRGHV DW8.=18QLYHUVLW\ RI 3UHWRULD1RUWK:HVW8QLYHUVLW\6WHOOHQERVFK
8QLYHUVLW\DQG8QLYHUVLW\RI&DSH7RZQ7KURXJK&$,5FROODERUDWLRQVKDYHEHHQ LQLWLDWHG
ZLWKWKH'HSDUWPHQWRI3KLORVRSK\DWWKH8QLYHUVLW\RI3UHWRULDDQGWKH3ULPDU\+HDOWK&DUH
'LUHFWRUDWHDWWKH8QLYHUVLW\RI&DSH7RZQ



(9$/8$7,212)7+(,1129$7,2102'(/

5HVHDUFKRXWSXWV
7KH+H$/¶VUHVHDUFKZDVHYHQWXDOO\FRQVROLGDWHGLQWRWKUHHUHVHDUFKWKHPHVQDPHO\
Ɣ ,QQRYDWLRQPRGHOVIRUKHDOWKLQIRUPDWLRQWHFKQRORJLHVLQVXE6DKDUDQ$IULFD
Ɣ $UFKLWHFWXUHVIRUQDWLRQDOKHDOWKLQIRUPDWLRQV\VWHPVDQG
Ɣ 2QWRORJ\EDVHGV\VWHPVIRUNQRZOHGJHFDSWXUHDQGGHFLVLRQPDNLQJ
'LJLWDO5HLPDJLQDWLRQ&ROORTXLXP3UHSDULQJ6RXWK$IULFDIRUD'LJLWDO)XWXUHWKURXJKH6NLOOV
,6%1

  



5HVHDUFK WKHPH  ,QQRYDWLRQ PRGHOV IRU KHDOWK LQIRUPDWLRQ WHFKQRORJLHV LQ VXE
6DKDUDQ$IULFD

7KHPDLQRXWSXWRI WKLV WKHPHZDV WKH UHILQHPHQWDQGHYDOXDWLRQRI WKH+H$/ LQQRYDWLRQ
HFRV\VWHP PRGHO ,QQRYDWLRQ LQ KHDOWK LQIRUPDWLRQ V\VWHPV HQJLQHHULQJ UHTXLUHV WKH
FROODERUDWLRQRIPXOWLSOHSDUWQHUVWKDWLQFOXGHUHVHDUFKOHGLQVWLWXWLRQVVXFKDVXQLYHUVLWLHVDQG
UHVHDUFK RUJDQL]DWLRQV VWDNHKROGHU FRPPXQLWLHV RSHQ GHYHORSPHQW FRPPXQLWLHV DQG
VRIWZDUHGHYHORSPHQWKRXVHV 7KH/DERUDWRU\VRXJKW WRGHYHORSDQG UHILQHDPRGHO WKDW
ZRXOG LQYROYH WKHVH YDULRXV FRPPXQLWLHV LQVWLWXWLRQV DQG RUJDQL]DWLRQV DQG PDQDJH WKH
VRPHWLPHVFRQIOLFWLQJLQWHUHVWVDQGFRQFHUQV

$Q LQLWLDOPRGHOZDVSURSRVHG LQ0RRGOH\HWDO  7KHHIILFDF\RI WKHPRGHOZDV
GHPRQVWUDWHG LQ WKH/DERUDWRU\¶VZRUN LQ WKHGHYHORSPHQWRI WKH2SHQ+HDOWK ,QIRUPDWLRQ
0HGLDWRU2SHQ+,0ZZZRSHQKLPRUJ7KH2SHQ+,0WHFKQRORJ\KDVKDGLPSDFWIDU
EH\RQG H[SHFWDWLRQV DQG KDV VHHQ VHYHUDO VXFFHVVIXO GHSOR\PHQWV DQG KDV VSDZQHG DQ
LQWHUQDWLRQDORSHQVRXUFHFRPPXQLW\,WVVXFFHVVLVLQODUJHSDUWGXHWRWKHDSSOLFDWLRQRIWKH
LQQRYDWLRQ PRGHO 6HYHUDO RWKHU WHFKQRORJLHV ZHUH DOVR GHYHORSHG WR GLIIHUHQW OHYHOV RI
PDWXULW\

5HVHDUFKWKHPH$UFKLWHFWXUHVIRUQDWLRQDOKHDOWKLQIRUPDWLRQV\VWHPV

5HFHQWO\ VHYHUDO VXE6DKDUDQ $IULFDQ FRXQWULHV KDYH EHJXQ WKH SURFHVV RI GHYHORSLQJ
QDWLRQDO KHDOWK LQIRUPDWLRQ V\VWHPV  7KH DUFKLWHFWXUH VXLWDEOH IRU VXFK ODUJH FRPSOH[
V\VWHPVHVSHFLDOO\LQORZUHVRXUFHVHWWLQJVDUHVWLOOQRWZHOOXQGHUVWRRG7ZR06FSURMHFWV
LQYROYHGDQ LQYHVWLJDWLRQRIDUFKLWHFWXUHV IRU1+,6ZKLOH WKHRQHSURMHFW LQYHVWLJDWHGKLJK
OHYHO DSSURDFKHV WR 1+,6 GHYHORSPHQW  WKH VHFRQG SURMHFW ZDV IRFXVVHG RQ WKH
GHYHORSPHQWDQGHYDOXDWLRQRIDKHDOWKLQIRUPDWLRQPHGLDWRUIRUKHDOWKLQIRUPDWLRQH[FKDQJHV


7KH ILUVW ZRUN FKDUDFWHUL]HG GLIIHUHQW DSSURDFKHV WKDW FRXQWULHV FRXOG DGRSW WR JXLGH WKH
GHYHORSPHQWRIWKHLUUHVSHFWLYH1+,6DQGHYDOXDWHGWKHDSSOLFDELOLW\RIWKHVHDSSURDFKHVLQ
/0,&VEHIRUHPDNLQJUHFRPPHQGDWLRQVWKDWFRXOGJXLGH0LQLVWULHVRI+HDOWK

7KHODWWHUSURMHFWGHYHORSHGDQGHYDOXDWHGWKH2SHQ+,0DFHQWUDOFRPSRQHQWRIWKH+HDOWK
,QIRUPDWLRQ([FKDQJHV7KHVHH[FKDQJHVKDYHHPHUJHGDVFULWLFDOFRPSRQHQWVRIPRGHUQ
VFDODEOH DQG VXVWDLQDEOH 1+,6 7KLV ZRUN UHVXOWHG LQ WKH 2SHQ+,0 WKDW KDV VHHQ ZLGH
GHSOR\PHQWDQGLQWHUHVWIURPDODUJHLQWHUQDWLRQDOFRPPXQLW\

5HVHDUFK WKHPH  2QWRORJ\ EDVHG V\VWHPV IRU NQRZOHGJH FDSWXUH DQG GHFLVLRQ
PDNLQJ

6LQFH LQFHSWLRQ +H$/ KDV SODFHG VWURQJ HPSKDVLV RQ DSSO\LQJ WKH ODWHVW WKLQNLQJ DQG
WHFKQRORJLHVHPDQDWLQJIURPFRPSXWHUVFLHQFHLQWKHVWXG\RIKHDOWKLQIRUPDWLRQV\VWHPV,Q
SDUWLFXODULWVHHNVWKHFROODERUDWLRQRIUHVHDUFKHUVLQYROYHGLQNQRZOHGJHUHSUHVHQWDWLRQDQG
UHDVRQLQJ DQG RQWRORJ\ HQJLQHHULQJ  7KH GHYHORSPHQW RI IRUPDO FRQFHSWXDO PRGHOV LV
LPSRUWDQWWRGHDOZLWKVHPDQWLFLQWHURSHUDELOLW\DFFHVVWRNQRZOHGJHDQGLQIRUPDWLRQDERXW
KXPDQ KHDOWK DQG XQGHUVWDQGLQJ RI FRPSOH[ DGDSWLYH V\VWHPV VXFK DV QDWLRQDO KHDOWK
LQIRUPDWLRQV\VWHPV7KHVHPRGHOVKDYHSRWHQWLDOWRGHHSHQDQXQGHUVWDQGLQJRIFRPSOH[
V\VWHPV LPSURYHWKHGHYHORSPHQWRIWRROVWKDWVXSSRUWPRGHOOLQJDQGDQDO\VLVRI+,6DQG
SURYLGHULJRULQWKHHQJLQHHULQJRIVXFKV\VWHPV


'LJLWDO5HLPDJLQDWLRQ&ROORTXLXP3UHSDULQJ6RXWK$IULFDIRUD'LJLWDO)XWXUHWKURXJKH6NLOOV
,6%1

  


,QQRYDWLRQDQGWHFKQRORJ\GHYHORSPHQW

$VLJQLILFDQWFRPSRQHQWRI+H$/DFWLYLWLHVZHUHUHODWHGWRWKHLGHQWLILFDWLRQRIWHFKQRORJ\JDSV
DQGWKHGHYHORSPHQWRIUHOHYDQWWHFKQRORJLHV7HFKQRORJ\JDSVZHUHLQIRUPHGE\

Ɣ &XUUHQWSUREOHPVDQGSURMHFWVDWLPSOHPHQWDWLRQSDUWQHUV
Ɣ $YDLODELOLW\RIVWXGHQWVDQGDFFHVVWRILHOGVLWHV
Ɣ 6NLOOVDQGVWUHQJWKVRIIDFXOW\

7KHIROORZLQJILYHWHFKQRORJLHVZHUHLQLWLDWHGDVWHFKQRORJ\GHPRQVWUDWRUVRQHRIZKLFKWKH
2SHQ+,0KDVEHHQGHYHORSHGIXUWKHULQWRDYLDEOHVRIWZDUHSURGXFWLQFORVHDVVRFLDWLRQZLWK
-HPEL
 2SHQ+,0 D FHQWUDO FRPSRQHQW RI +HDOWK ,QIRUPDWLRQ ([FKDQJHV WKDW KDV VHHQ
PXOWLSOHSURGXFWLRQGHSOR\PHQWV-HPEL
 $SUHGLFWLRQWRROIRU+,9DQWLUHWURYLUDOGUXJUHVLVWDQFHIURPFOLQLFDOGDWD$FRPSOHWHG
UHVHDUFKSURWRW\SHZDVSURGXFHGDQGFRQWULEXWHGWRWKHFRPPXQLW\-HPELDQGWKH
$IULFD&HQWUHIRU+HDOWKDQG3RSXODWLRQ6WXGLHV
 $QRQWRORJ\DQGNQRZOHGJHEDVHGUHSRVLWRU\IRUVWUXFWXULQJ7%WUHDWPHQWDGKHUHQFH
NQRZOHGJH$UHVHDUFKSURWRW\SHKDVEHHQSURGXFHG+H$/LQKRXVHSURMHFW
 $QH+HDOWKUHJXODWLRQRQWRORJ\$UHVHDUFKSURWRW\SHKDVEHHQGHYHORSHG-HPELDQG
+H$/LQKRXVHSURMHFW
 $IUDPHZRUNIRUVHOHFWLQJDQGDGRSWLQJDQDSSURSULDWH1+,6DUFKLWHFWXUDODSSURDFKLQ
DVXE6DKDUDQ$IULFDFRXQWU\+H$/LQKRXVHSURMHFW

7KH2SHQ+HDOWK,QIRUPDWLRQ0HGLDWRU

2SHQ+,0 LV DQ RSHQ VRXUFH VRIWZDUH DSSOLFDWLRQ WKDW ZDV LQLWLDOO\ GHYHORSHG DV DQ06F
SURMHFW LQ WKH+H$/ 7KH2SHQ+,0ZDV GHYHORSHG LQ SDUWQHUVKLS ZLWK -HPEL WR VDWLVI\ D
UHTXLUHPHQWWRVWUHQJWKHQLQWHURSHUDELOLW\EHWZHHQPDWHUQDOKHDOWKDSSOLFDWLRQVLQ5ZDQGD$
WLPHOLQHVKRZLQJWKHGHYHORSPHQWRIWKH2SHQ+,0LVVKRZQLQ)LJXUHEHORZ


)LJXUH7LPHOLQHRIWKH2SHQ+,0

7KH ILUVW YHUVLRQRI WKH2SHQ+,0ZDV LPSOHPHQWHG LQ WKH5ZDPDJDQDGLVWULFWRI5ZDQGD
ZKHUHLWLVXVHGWRFRQQHFWDQGFROODWHLQIRUPDWLRQVHQWE\6066KRUW0HVVDJH6HUYLFHE\
FRPPXQLW\ KHDOWK ZRUNHUV WR DQ DQWHQDWDO FDUH IDFLOLWLHV XVLQJ WKH 2SHQ0HGLFDO 5HFRUG
6\VWHP2SHQ056

7KH2SHQ+,0ZDVPRGHOOHGRQVLPLODUVRIWZDUHGHYHORSHG LQ&DQDGD7KH2SHQ+,0
ZDV VXFFHVVIXOO\ GHSOR\HG LQ 5ZDQGD IRUPDWHUQDO FDUH )ROORZLQJ LWV HDUO\ VXFFHVV WKH
2SHQ+,0KDVHYROYHGLQWRDYHU\VLJQLILFDQWDSSOLFDWLRQWKDWLVFXUUHQWO\EHLQJLPSOHPHQWHG
ZLGHO\DVDKHDOWKLQIRUPDWLRQH[FKDQJHLQ6RXWK$IULFDDWQDWLRQDODQGVXEQDWLRQDOOHYHODV
ZHOO DV LQ RWKHU FRXQWULHV  7KH2SHQ+,0 LV DOVR D FRUH LQIUDVWUXFWXUDO FRPSRQHQW RI WKH
2SHQ+,(SURMHFWWKDWJUHZRXWRIWKH5ZDQGDSURMHFW7KLVLVDYHU\VLJQLILFDQWDFKLHYHPHQW
'LJLWDO5HLPDJLQDWLRQ&ROORTXLXP3UHSDULQJ6RXWK$IULFDIRUD'LJLWDO)XWXUHWKURXJKH6NLOOV
,6%1

  


IRUDVRIWZDUHFRPSRQHQWEXLOWLQDXQLYHUVLW\HQYLURQPHQWDVRSHQVRXUFHVRIWZDUHLQVXFKD
VKRUWVSDFHRIWLPHDQGGHPRQVWUDWHVWKHXVHIXOQHVVRIWKHSDUWQHUVKLSEHWZHHQDFDGHPLD
DQGSULYDWHVHFWRURUJDQLVDWLRQV7KH2SHQ+,0LVKRVWHGDVDQRSHQVRXUFHVRIWZDUH

'XULQJWKH2SHQ+,0ZDVUHIDFWRUHGWRPDNHLWPRUHIOH[LEOHDQGYHUVLRQZDVUHOHDVHG
DWWKH,&7+FRQIHUHQFHLQ6HSWHPEHU

',6&866,21
7KHLQQRYDWLRQPRGHOGHPRQVWUDWHGYDOXHWRDOOSDUWQHUV7KHPDLQILQGLQJRIWKHH[WHUQDO
LQGHSHQGHQWHYDOXDWLRQZDVWKDW³+H$/QRWRQO\FRQWULEXWHGDFDGHPLFUHVHDUFKEXWDOVR
SRVLWLYHO\ LPSDFWHG WKH ZLGHU +HDOWK ,QIRUPDWLRQ 6\VWHPV VSDFH LQ 6RXWK $IULFD E\
FRQWULEXWLQJ PRGHOV WRROV DQG WHFKQRORJLHV WKDW DUH XVHIXO IRU RWKHU RUJDQL]DWLRQV
GHYHORSLQJ H+HDOWK DSSOLFDWLRQV +H$/ DOVR FRQWULEXWHG WRZDUGV WKH GHYHORSPHQW RI
VWXGHQWV WKURXJK VFKRODUVKLSV IRU SRVWJUDGXDWH VWXGLHV DV ZHOO DV VXSHUYLVLRQ DQG
WHDFKLQJDW+RQRXUVOHYHO´

7KH +H$/ LQQRYDWLRQ PRGHO SURYLGHV D VWUDWHJ\ IRU DSSO\LQJ DGYDQFHG WKHRUHWLFDO DQG
IRXQGDWLRQDOFRPSXWHUVFLHQFHH[SHUWLVHWRWKHKHDOWKGRPDLQ:HH[SHFWWKLVWRLPSDFWRQ
SURMHFWVGHVLJQHGWREHWWHUXQGHUVWDQGKHDOWKV\VWHPVDVFRPSOH[DGDSWLYHV\VWHPVDQGWKH
HIIHFWRILQWHUYHQWLRQVRQWKHHIIHFWLYHQHVVDQGHTXLW\RIKHDOWKVHUYLFHGHOLYHU\

7KH/DERUDWRU\ZDVKLJKO\VXFFHVVIXOZLWK UHJDUGV WR WKH WUDLQLQJRIJUDGXDWHVDW LWVPDLQ
LPSOHPHQWDWLRQSDUWQHU-HPEL7KH/DERUDWRU\KDVDOUHDG\WUDLQHGWKUHH06FDQGRQH3K'
VWXGHQWLQ&RPSXWHU6FLHQFH

7KH+H$/KDVDOVRGHYHORSHGDQGFRQWLQXHWRPDLQWDLQDVWURQJSDUWQHUVKLSZLWK-HPEL+H$/
SOD\HGDQHVVHQWLDOUROHLQEXLOGLQJDQGVWUHQJWKHQLQJ-HPELZKLFKLVQRZUHFRJQL]HGORFDOO\
DQG LQWHUQDWLRQDOO\ DV D OHDGHU LQ LQWHURSHUDEOH +HDOWK ,QIRUPDWLRQ 7HFKQRORJLHV +,7 LQ
$IULFD

+H$/GHYHORSHG DQHIIHFWLYH HFRV\VWHPDQG SODWIRUP WKH+H$/&DSDFLW\ DQG ,QQRYDWLRQ
(FRV\VWHP IRU FRRUGLQDWLQJ UHVHDUFK LQQRYDWLRQ DQG WUDQVIHU RI KHDOWK LQIRUPDWLRQ
WHFKQRORJLHV LQVXE6DKDUDQ$IULFD7KH/DERUDWRU\H[SHULHQFHGVHYHUDOFKDOOHQJHVGXULQJ
WKHFRXUVHRILWVRSHUDWLRQZKLFKSURYLGHGRSSRUWXQLWLHVIRUVLJQLILFDQWOHDUQLQJ'HVSLWHWKHVH
FKDOOHQJHVWKH/DERUDWRU\VXFFHVVIXOO\DGDSWHGDQGHVWDEOLVKHGWKHHFRV\VWHPDQGYLDLWV
VWURQJSDUWQHUVKLSVKDVKDGDVXEVWDQWLDOLQIOXHQFHRQKHDOWKLQIRUPDWLRQWHFKQRORJ\SROLF\
LQ5ZDQGD0R]DPELTXHDQG6RXWK$IULFD7KH/DERUDWRU\DOVRSOD\VDQLPSRUWDQWUROHLQWKH
LQWHUQDWLRQDO2SHQ+,(FRPPXQLW\$QH[WHUQDOHYDOXDWLRQZDVDOVRFRQGXFWHGRQWKH+H$/
SURMHFWZKLFKGRFXPHQWVDQGUHSRUWVWKH/DERUDWRU\¶VLQIOXHQFHDWGLIIHUHQWOHYHOV


/(66216/($5175(&200(1'$7,216$1')8785(:25.
7KH+H$/SURMHFWZDVKLJKO\VXFFHVVIXOLQPHHWLQJLWVRYHUDOODLPDQGPDMRUREMHFWLYHV
,WVXFFHVVIXOO\HVWDEOLVKHGDQDSSOLHG&RPSXWHU6FLHQFHUHVHDUFK/DERUDWRU\DWWKH8QLYHUVLW\
RI.ZD=XOX1DWDO7KHODELVQRZHPEHGGHGLQWKH&HQWUHIRU$UWLILFLDO,QWHOOLJHQFH5HVHDUFK
ZKLFK HQVXUHV LWV VXVWDLQDELOLW\ DQG H[SRVHV LW WR QHZ SDUWQHUV DQG HOHYDWHV LWV SRWHQWLDO
LQIOXHQFHDQG LPSDFW LQ6RXWK$IULFD ,W VXFFHVVIXOO\ LQWURGXFHGDQGHYROYHGDQ LQQRYDWLRQ
HFRV\VWHP ZKLFK KDUQHVVHV DQG FRRUGLQDWHV WKH VWUHQJWKV RI DFDGHPLF UHVHDUFK DQG
LPSOHPHQWDWLRQ SDUWQHUV WR FUHDWH D VXVWDLQDEOH V\VWHP IRU UDSLG LQQRYDWLRQ IRU KHDOWK
LQIRUPDWLRQ WHFKQRORJLHV LQ$IULFD ,WVNH\ WHFKQRORJ\RXWSXW WKH2SHQ+,0 LVGHSOR\HGDW
PXOWLSOHVLWHVLQ5ZDQGDDQG6RXWK$IULFDDQGLVUHFRJQL]HGDVRQHRIWKHIRUHPRVWVROXWLRQV
IRULQWHURSHUDELOLW\IRUKHDOWKLQIRUPDWLRQH[FKDQJHLQ$IULFD,QWHUPVRIFDSDFLW\GHYHORSPHQW
'LJLWDO5HLPDJLQDWLRQ&ROORTXLXP3UHSDULQJ6RXWK$IULFDIRUD'LJLWDO)XWXUHWKURXJKH6NLOOV
,6%1

  


LW JUDGXDWHG WZR KLJKO\ VSHFLDOLVHG DQG WDOHQWHG SRVWJUDGXDWH VWXGHQWV ZKR DUH SOD\LQJ
OHDGHUVKLSUROHVLQWKHKHDOWKLQIRUPDWLRQVSDFH

-HPELJUHZVXEVWDQWLDOO\GXULQJWKH/DERUDWRU\¶VRSHUDWLRQDQGLVQRZUHFRJQLVHGDVDOHDGLQJ
WHFKQRORJ\RUJDQLVDWLRQLQLQWHURSHUDELOLW\VROXWLRQVIRUKHDOWKLQIRUPDWLRQWHFKQRORJ\LQ$IULFD
7KH/DERUDWRU\SOD\HGDQLPSRUWDQWUROHLQ-HPEL¶VJURZWKDQGGHYHORSPHQW

,QWHUPVRIWKHUHVHDUFKTXHVWLRQ³&DQDQDSSOLHG&RPSXWHU6FLHQFHUHVHDUFKODELQDVXE
6DKDUDQ$IULFDQXQLYHUVLW\IDFLOLWDWHDQGHQDEOHORFDOFDSDFLW\GHYHORSPHQWDQGVXVWDLQDEOH
LQQRYDWLRQ RI UHOHYDQW KHDOWK LQIRUPDWLRQ WHFKQRORJLHV"´ RXU ILQGLQJV VKRZ WKDW GHVSLWH
VHYHUDOFKDOOHQJHVWKLVLVQRWRQO\SRVVLEOHEXWLPSRUWDQWIRUDVXVWDLQDEOHV\VWHPRILQQRYDWLRQ
IRU+,7VLQ$IULFD$NH\RXWSXWRIWKH/DERUDWRU\WKH+H$/LQQRYDWLRQHFRV\VWHPKDVDOUHDG\
EHHQXVHGWRGHOLYHUDQGGHSOR\DQLQWHJUDOWHFKQRORJ\VROXWLRQIRULQWHURSHUDELOLW\

'HVSLWH VRPH FKDOOHQJHV WKH UHVXOWV IURP +H$/ LQGLFDWH WKDW WKH LQQRYDWLRQ PRGHO LV D
SRZHUIXODQGUHVLOLHQWDSSURDFKIRUKDUPRQL]LQJGLIIHUHQWUHVHDUFKDQGGHYHORSPHQWHIIRUWV
DURXQGJOREDOKHDOWK,7SUREOHPVDQGDQLPSOHPHQWDWLRQGULYHQDSSURDFKWKDWWLJKWO\ELQGV
WKHZRUNWRUHDOQHHGV

$&.12:/('*(0(176
7KHSURMHFWZDVIXQGHGE\JUDQWVIURPWKH5RFNHIHOOHU)RXQGDWLRQ*UDQW5HIHUHQFH
7+6  DQG WKH ,QWHUQDWLRQDO 'HYHORSPHQW 5HVHDUFK &HQWUH ,'5& *UDQW 1XPEHU
DQGVXSSRUWHGE\WKH6FKRRORI0DWKHPDWLFV6WDWLVWLFVDQG&RPSXWHU6FLHQFHDWWKH
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352) '(6+(1'5$1 022'/(< LV FXUUHQWO\ VHUYLQJ DV DQ $VVRFLDWH
3URIHVVRUDW WKH8QLYHUVLW\RI&DSH7RZQ+LV UHVHDUFK LQWHUHVWV UHYROYHV
DURXQG GHYHORSLQJ ODUJH VFDOH LQWHOOLJHQW DUFKLWHFWXUHV VSHFLILFDOO\ WR
LQYHVWLJDWHKRZRQWRORJLHVEHOLHIQHWZRUNVDQGVRIWZDUHDJHQWVFDQEHXVHG
LQ VXFKDUFKLWHFWXUHV3URI0RRGOH\¶V TXDOLILFDWLRQV LQFOXGH D 3K'DQG DQ
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&KHPLFDO 3DWKRORJ\ IURP WKH 8QLYHUVLW\ RI &DSH 7RZQ DQG SRVWJUDGXDWH
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